Abstract
In response to the recent measurements of the 54.4 eV e-H(2p) reduced Stokes parameters by Gradziel and O'Neill (2004 J. Phys. B: At. Mol. Opt. Phys . 37 1893) we perform corresponding calculations using two recently developed techniques. These are the propagating exterior complex scaling direct approach to the solution of the underlying Schrödinger equation, and the box-based convergent close-coupling method. We find the results to be almost identical to the Laguerre-based convergent close-coupling method of Bray and Stelbovics (1992 Phys. Rev . A 49 1066). Hence we are unable to explain the substantial discrepancy with experiment for theP 3 parameter in the vicinity of 30
• .
There is a long history to the measurement and calculation of the electron impact H(2p) angular correlation parameters, particularly at 54.4 eV. The experiments involve the detection of the outgoing electron in coincidence with the 2p photon and so are particularly difficult. Nevertheless, they are very important because of the extra information gained about the scattering process. Whereas the differential cross section is obtained from magnitudes of the scattering amplitudes, summed over the magnetic sublevels, the angular correlation parameters require knowledge of the real and imaginary parts of the individual magnetic sublevel-dependent amplitudes. For this reason the accuracy of any e-H scattering theory is best tested by comparison with experiment for such parameters. Also, it was shown how these parameters relate to the charge cloud distribution after the collision (Andersen et al 1988) . The first measurements of the 54.4 eV e-H(2p) angular correlation parameters were performed by Weigold et al (1980) and Williams (1981) . Since that time there were many calculations none of which were able to satisfactorily describe them. The convergent closecoupling (CCC) method (Bray and Stelbovics 1992) was developed explicitly to address this problem, but it too was unable to agree with the measurements. However, it was consistent with previous most sophisticated theories. With the success of the CCC method in describing similar measurements in the spin-resolved e-Na system (Bray 1994 ) the problem was revisited from the experimental side. Yalim et al (1997) found excellent agreement with the theory and O'Neill et al (1998) also found substantially improved agreement with theory than what existed previously. These new measurements can be regarded as determining the reduced Stokes parametersP 1 andP 2 (Andersen et al 1988) . Most recently Gradziel and O'Neill (2004) determined the full set of the Stokes parameters, and rather unexpectedly, found substantial discrepancy with theory for theP 3 parameter at around 30
• scattering angle. They conclude by stating ' . . . given the care we have taken in making these measurements, the results should not be lightly dismissed. It is important that the source of this discrepancy is fully understood'. Accordingly, we take this opportunity to address the problem with yet two more theoretical approaches.
Until the most recent measurements, it was generally felt that the calculation of e-H excitation was a solved problem with the focus turning to the problem of more complex targets and ionizing collisions. Even the more complicated e-H ionization problem also appears to have been computationally solved, first using the exterior complex scaling (ECS) method (Rescigno et al 1999 , Baertschy et al 2001 and then the CCC method (Bray 2002) . The latter, Laguerre-based close-coupling method, has also been generalized to incorporate a box-basis approach with equal success (Bray et al 2003) . We differentiate between the original CCC method and the box-based one by the labels CCC-L and CCC-B, respectively. Following the success of the ECS method for ionization we have developed a similar one (PECS) based on very efficient propagating and coupling algorithms . We use both the CCC-B and PECS techniques to calculate the e-H(2p) reduced Stokes parameters. It is important to appreciate that any discrepancy with experiment potentially undermines all of these techniques.
The details of the CCC-B method are outlined by Bray et al (2003) and references therein. Briefly, rather than diagonalizing the target Hamiltonian in a Laguerre basis, eigenstates φ(r) of the Hamiltonian are found which satisfy the boundary conditions φ(0) = φ(R 0 ) = 0 for some box size R 0 . These are then used to form the close-coupling expansion and the method proceeds as previously described (Bray and Stelbovics 1992) . Presently, we took R 0 = 50 au with maximum orbital angular momentum l max = 3 and the number of states taken for each l to be 20 − l. This leads to a total of 74 states with a maximum of 180 coupled channels.
The details of the PECS method are given in and . Here the Schrödinger equation for the scattering wavefunction in coordinate space is solved using exterior complex scaling (Rescigno et al 1997) to obviate the requirement for boundary conditions. Scattering amplitudes are extracted from the scattering wavefunctions using a surface integral method with radius R R 0 . The calculations presented here use a grid size of R 0 = 50 au, consistent with the CCC-B calculations, though results of R 0 = 80 au calculations are mostly indistinguishable. Partial waves with total angular momentum L 25 are calculated directly, and their H(2p) partial-wave scattering amplitudes exhibit a very smooth exponential decay for larger L. Thus, extrapolated amplitudes are included for 25 < L 200, which smoothes oscillations in the highly suppressed back-scattering region. This contrasts with the Born-subtraction method used in the CCC calculations.
In figure 1 we give the results of the present CCC-B and PECS theories and compare these with the original CCC-L results of Bray and Stelbovics (1992) and the existing experiments. The major point that comes out immediately is that the theories are barely distinguishable, particularly at the forward scattering angles. Given the diverse origin of the CCC and ECS methods, such good agreement here is very encouraging from the theoretical point of view. However, there is considerable scatter in the experimental points for theP 1 andP 2 parameters, with the data of Yalim et al (1997) agreeing best with the theory. Turning to theP 3 parameter, Gradziel and O'Neill (2004) suggest that the discrepancy with theory around 30
• is statistically significant. Here we also have an earlier set of measurements due to Chormaic et al (1993) which suggest a different trend as a function of angle and which are even further away from Weigold et al (1980) , Williams (1981 Williams ( , 1986 , Chormaic et al (1993) , O'Neill et al (1998) , Yalim et al (1997) and Gradziel and O'Neill (2004) . The CCC-L calculations are due to Bray and Stelbovics (1992) . The CCC-B and PECS calculations are described in the text.
theory at the angle of 30
• . Hence we are hopeful that the apparent discrepancy between the theory and the experiment arises primarily from the complexity of the measurement process. The consistency of the diverse theoretical approaches and the fact that CCC describes eNa(3P) excitation spin-resolvedP 3 parameter on a broad range of energies (Bray 1994) give us some ground for confidence in the accuracy of the presented calculations.
